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© Orthodontic bracket and process for its production. 

© An orthodontic bracket made of a translucent 
alumina ceramic containing at least 99.9% by weight 
of alumina and composed of crystals having an 
average grain size of from 1.8 to 3.0 urn, wherein the 
transmittance of light with a wavelength of 600 nm 
passing through a sample thereof having a thickness 
of 1 mm is at least 5%, and the flexural strength is 
at least 50 kg/mm 2 . 
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ORTHODONTIC BRACKET AND PROCESS FOR ITS PRODUCTION 



The present invention relates to an orthodontic 
bracket made of an alumina ceramic having ex- 
cellent appearance. 

In recent years, orthodontic brackets made of 
single crystal sapphire (U.S. Patent 4,639,218) or 
alumina ceramics (U.S. Patent 4,219,617) have 
been developed. 

Such alumina ceramics have excellent rigidity, 
and slippage between the bracket and a wire. How- 
ever, orthodontic brackets made of single crystal 
sapphire have to be prepared by cutting and grind- 
ing operations and consequently are expensive. 
When a powder material is used, it can be molded 
into a desired shape by an injection molding meth- 
od, followed by sintering. However, a product hav- 
ing improved translucence required to provide a 
good appearance when mounted on a tooth tends 
to be poor in strength. On the other hand, a prod- 
uct having high strength tends to be poor in trans- 
lucence. Even among sintered products, there has 
been no product which is excellent in both translu- 
cence and strength. 

It is an object of the present invention to over- 
come such difficulties and to provide a translucent 
ceramic bracket which is excellent in both strength 
and outer appearance and which provides good 
slippage in contact with metal and presents suffi- 
cient orthodontic effects. 

The present invention provides an orthodontic 
bracket made of a translucent alumina ceramic 
containing at least 99.9% by weight of alumina and 
composed of crystals having an average grain size 
of from 1.8 to 3.0 urn (microns), wherein the 
amount of transmittance of light having a 
wavelength of 600 nm passing through a sample 
thereof having a thickness of 1 mm is at least 5%, 
and the flexural strength is at least 50 kg/mm z . 

The present invention also provides a process 
for producing an orthodontic bracket, which com- 
prises molding an alumina powder having an aver- 
age particle size of at most 02. um and a purity of 
at least 99.9% by weight into a molded product 
having a desired shape and a bulk density of at 
least 55% of the theoretical density, sintering the 
molded product within a temperature range of from 
1,300 to 1,400* C to a bulk density of at least 98% 
of the theoretical density, and then subjecting the 
sintered product to hot isostatic press treatment 
(HIP) within a temperature range of fnm 1,400 to 
1,550* C under a pressure of at least 500 atm. 

The orthodontic bracket can be prepared by 
cutting and milling a sintered material or by for- 
ming a molded product of a bracket shape by slip 
casting molding or injection molding, and sintering 
it after the removal of a binder to obtain a sintered 



product of a bracket shape, followed by polishing 
the surface. However, it is practically impossible to 
mold a complicated shape like an orthodontic 
bracket by a slip casting molding method. On the 

s other hand, cutting and milling a sintered material 
formed by press molding are disadvantageous be- 
cause of poor productivity. Besides, such products 
are inferior in both translucence and strength to a 
product produced by an injection molding method. 

70 The invention may be put into practice in var- 
ious ways and a number of specific embodiments 
will be described to illustrate the invention with 
reference to the accompanying drawings, in which: 
Figure 1 is a perspective view of an orthodontic 

75 bracket prepared in accordance with Example 1; 

Figure 2 is a scanning electron microscopic 
photograph showing the crystal structure on the 
fracture surface of the alumina ceramic of Example 
1 produced in the Physical Property Measurement 

20 and 

Figure 3 is a graph showing the transmittance 
of visible light (400-800 nm) of a sample having a 
thickness of 1 mm of the alumina ceramic of Ex- 
ample 2 used in the Physical Property Measure- 
25 ment. 

In the present Invention, if the alumina content 
is lower than the above mentioned range (at least 
99.9%), the product tends to have a structure hav- 
ing impurities precipitated along the grain bound- 
so aries, which cause light scattering, whereby it be- 
comes difficult to obtain sufficient translucence 
within the above mentioned grain size range (1 .8 
to 3.0 microns). Further, if the grain size of the 
crystals of the sintered product exceeds the above 
35 range, adequate strength tends to be difficult to 
obtain, and if the grain size is smaller than the 
above range, it becomes difficult to obtain a trans- 
mittance of light having a wavelength of 600 nm 
passing through a sample thereof having a thick- 
40 ness of 1 mm of at least 5%. For a bracket 
material, high light transmittance and high flexural 
strength are required. If the light transmittance Is 
lower than the above mentioned range, the appear- 
ance of the bracket when mounted on the tooth 
45 tends to be poor. If the strength is lower than the 
above mentioned range, the bracket is likely to be 
broken in the mounted state when a wire is tight- 
ened in the narrow slit within the bracket. 

Heretofore, alumina used to be sintered at a 
so temperature at least 1 ,500 *C. However, if it is 
sintered at such a high temperature, it Is only 
possible to obtain a sintered body having a large 
grain size and low strength. According to the 
present invention, the grain size of the product 
obtained by HIP treatment can be made to be 
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within a range of from 1.8 to 3.0 urn by sintering 
the molded product at a temperature of from 1 ,300 
to 1 ,400* C prior to HIP treatment Further, in 
order to eliminate voids by the HIP treatment, it is 
necessary to increase the density to a level of at 
least 98% of the theoretical density. In order to 
sinter the molded product at a temperature of from 
1,300 to 1 ,400* C to the one having a bulk density 
of at least 98% of the theoretical density, it Is 
necessary to bring the purity of the starting ma- 
terial, the particle size and the bulk density during 
the molding within the above mentioned ranges. In 
order to increase the bulk density during the mold* 
ing, an aluina powder having low agglomeration 
properties should be selected. Even if the above 
conditions are outside the required ranges, it may 
be possible to obtain a product having a bulk 
density of at least 98% of the theoretical density 
by conducting sintering at a high temperature. 
However, in such case, the crystal grains are likely 
to grow so much that it is hardly possible to obtain 
a sintered body having a grain size within the 
above mentioned range of from 1.8 to 3.0 um. 
Further, impurities in the starting material tend to 
precipitate along the grain boundaries and thus 
impair the light transmitting properties of the prod- 
uct Therefore, the purity of alumina starting ma- 
terial is required to be at least 99.9% by weight To 
obtain a high level of translucence, it is necessary 
to apply HIP treatment. If the treating temperature 
is lower than the above range, voids tend to re- 
main, whereby no adequate light transmittance can 
be obtained. If the temperature exceeds the above 
range, the particle size in the product tends to 
excess 3.0 um, whereby the strength tends to be 
inadequate. With respect to the pressure condition, 
so long as the pressure is at least 500 atm, there is 
no substantial difference in its effects, below this 
value the product tends to have poor translucence. 

The atmosphere is preferably argon or oxygen. 
The light transmittance through a thickness of 1 
mm of the bracket thus obtained is at least 1 % with 
light having a wavelength of 400 nm, at least 5% 
with light having a wavelength of 600 nm and at 
least 10% with light having a wavelength of 800 
nm. Thus, there is no noticeable absorption within 
the entire range of the visible region (from 400 to 
800 pm). 

The translucent alumina bracket of the present 
invention has excellent rigidity and exhibits ex- 
cellent slippage with a metal wire to provide ade- 
quate orthodontic effects. Further, it has excellent 
translucence prperties and thus excellent appear- 
ance. The strength is high so that it is unlikely to 
break when mounted, and the psychological pain of 
the patient can remarkably be reduced. It will, of 
course, not be eroded by e.g. saliva and is harm- 
less to the human body. The process of the 



present invention enables such an orthodontic 
bracket easily to be produced. 

Now, the present invention will be described 
with reference to Examples. However, It should be 
s understood that the present invention is by no 
means restricted to such specific Examples. 

EXAMPLE 1 

to An organic binder composed mainly of a ther- 
moplastic resin was added to fine alumina powder 
(Taimicron TM-DAR, manufactured by Taimei 
Kagaku K.K., purity: 99.99 wt%, average particle 
size: 0.1 um, hereinafter referred to simply as pow- 

75 der A) to obtain a compound having a powder 
volume rate of 56%. This compound was injection 
molded into the shape shown in Figure 1 . 

The molded product thus obtained was heated 
to remove the organic binder and then sintered in 

20 the atmosphere at a temperature of 1 ,350* C. 

The sintered product thus obtained was sub- 
jected to HIP treatment This treatment was con- 
ducted at 1,500* C under a pressure of 1,500 atm 
in an argon atmosphere for one hour. This sintered 

25 product was subjected to barrel polishing treatment 
to obtain a translucent alumina orthodontic bracket. 

In Figure 1, the slit in the longitudinal direction 
is a slit for an orthodontic wire to pass thereth- 
rough. 

30 

PHYSICAL PROPERTY MEASUREMENT FOR EX- 
AMPLES 1 TO 6 AND COMPARATIVE MESURE- 
MENT EXAMPLES 1 TO 6 

35 Using two types of fine alumina powders 
(powder A and AKP 30 manufactured by Sumitomo 
Chemical Company Limited, purity: 99.99 wt%, 
average particle size: about 0.2 um (hereinafter 
referred to simply as powder B)), the molding and 

40 the sintering were conducted under the conditions 
for the sintering temperature and the temperature 
and pressure for HIP treatment as shown in Table 
1. With respect to each sintered product thus ob- 
tained, a three point flexural test was conducted in 

45 accordance with JIS R-1 601 -1981 to determine the 
strength. Further, the light transmittance through a 
sample having a thickness of 1 mm (using light of 
wavelength = 600 nm) was also measured. The 
results thereby obtained are shown in Table 1 . 

so Further, as an example of the structure of a 
sintered product a scanning electron microscopic 
photograph of the fracture surface of the sintered 
product obtained in Physical Property Measure- 
ment Example 1 , is shown in Figure 2. Further, the 

55 light transmittance in the visible range of the sin- 
tered product obtained in the Physical Property 
Measurement of Example 2 is shown In Figure 3. 
From these results, the product of the process of 
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the present invention, particularly the one obtained 
by the process whereby molding was conducted 
by injection molding, can be seen to be excellent 
as an orthodontic bracket. 
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Claims 

1. An orthodontic bracket made of a translucent 
alumina ceramic characterised in that it con- 
tains at least 99.9% by weight of alumina and 
is composed of crystals having an average 
grain size of from 1 .8 to 3.0 urn, and in that the 
transmittance of light having a wavelength of 
600 nm passing through a sample thereof hav- 
ing a thickness of 1 mm is at least 5%, and in 
that the flexurai strength is at least 50 kg/mm 2 . 

2. An orthodontic bracket as claimed In Claim 1, 
characterised in that the transmittance of light 
having a wavelength of 400 nm passing 
through a sample thereof having a thickness of 
1 mm is at least 1%. 

3. An orthodontic bracket as claimed in Claim 1 
or Claim 2, characterised in that the transmit- 
tance of light having a wavelength of 800 nm 
passing through a sample thereof having a 
thickness of 1 mm is at least 10%. 

4. A process for producing an orthodontic brack- 
et, characterised in that it comprises molding 
an alumina powder having an average particle 
size of at most 0.2 um and a purity of at least 
99.9% by weight into a molded product having 
a desired shape and a bulk density of at least 
55% of the theoretical density, sintering the 
molded product within a temperature range of 
from 1,300 to 1.400* C to a bulk density of at 
least 98% of the theoretical density, and then 
subjecting the sintered product to hot isostatic 
press treatment within a temperature range of 
from 1,400 to 1,550* C under a pressure of at 
least 500 atm. 

5. A process as claimed in Claim 4, characterised 
In that the alumina powder is molded by injec- 
tion molding. 

6. A process as claimed in Claim 4 or Claim 5 t 
characterised in that the hot isostatic press 
treatment is conducted in an atmosphere of 
argon or oxygen. 
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